Management of chemical fertilizers application is very important in their effect
INTRODUCTION
Approximately 80% of the people in the world's developing and developed countries rely on traditional medicine for their primary health care needs, and about 85% of traditional medicine involves the use of plant extracts (Vieira and Skorupa, 1993) . The Calendula is a medicinal plant. It is also called marigold. Calendula is an annual flower that prefers cool growing weather but nevertheless is sensitive to lower temperatures leading to a lethal condition. Depending on species and conditions, the plants can grow 30.5 to 76.2 cm in height. The leaves are bright green and typically about 10.2 cm long. The *Corresponding author. E-mail: Tavassoli_abolfazl@yahoo.com. lower leaves are oval with a rounded tip (spatulate) and upper leaves are lance shaped with pointed tips. The species Calendula officinalis has several uses. These include essential oils and pigments from its flowers with the former being widely sold in topical medicinal products. There are also uses for its seed oil, which contains calendic acid. The seeds of C. officinalis contains 18 to 22% oil and this contains 55 to 60% of the very reactive C18:3 calendic fatty acid. The chemical structure of calendic acid consists in three reactive conjugated ethylenic bonds and an octatrienoic acid isomer, making it a potentially useful compound for industrial products and for chemical modification. Market opportunities have been identified for calendula oil as an ingredient for the production of reactive diluents and oil based alkyd resins which are applied in high solid paints and as a substitute for Tung oil. C. officinalis is well adapted to temperate climatic zones in the world, although it is believed to have been originated in the Mediterranean. At present, seed yields of 1000 to 1500 kg/ha are obtained on a farm scale, but with improved production systems and selected species it is believed that its yields could double, making it an attractive industrial oilseed crop for farmers.
At present, optimum levels and ecophysiological aspects of use and growth of medicinal plant C. officinalis is unknown. Through farm experiments and determining the optimal amount of nitrogen fertilizer usage as well as introducing the best sowing date for C. officinalis, one could increase nitrogen use efficiency for producing this medicinal plant in optimal conditions and high yields. Sharifi Ashour Abadi et al (2003) studied the amount of cattle manure and chemical fertilizers (NPK) and use of them with together in Foeniculum vulgare MILL. Plant reported that application of manure, chemical fertilizers and mixture them with together lead to yield increase of this plant, that respectively is equal to 78, 69 and 122% than control treatment (no fertilizer).
Some investigations focused on medicinal plants of cumin (Ahmadian et al., 2011) and chamomile (Tavassoli et al., 2010) Where it was shown that the use of nitrogen fertilizer lead to increasing biomass, plant height and essence content in these plants.
In study and investigation on medicinal plants importance of sowing date should not be disregarded. Berimavandi et al. (2011) reported plant density and sowing date was significant on quantity of essential oil of C. officinalis L. Similar results have been reported on other medicinal plants (Ishimine et al., 2004; Heidari et al., 2009 ).
In as much as different sowing date and effects of application of different nitrogen amounts (fertilizers) is worth to consider on yield and essence production in medicinal plant.
The aim of this study was to determine the optimum limit of nitrogen that can be used and correlate it either the best sowing date for C. officinalis L. in Sistan region (Iran), in order to obtain the highest yield and the highest essence content.
MATERIALS AND METHODS
The study was carried out on in 2008 to 2009 cropping at Agriculture Research Center of Sistan, Iran. The site lies at longitude 61°41 ′, and latitude 30°54 ′ and the altitude of the area is 487 m above sea level. It has a warm dry climate with the mean minimum, mean maximum, and average air temperatures of 18, 41, and 29°C, respectively. The soil characteristics of Agriculture Research Center are shown in Table 1 . The experimental design was split plot, using randomized complete block design with three replications. The treatment was comprised of three levels of sowing date (1 th , 15 th and 30 th April) in main plot and two levels of nitrogen fertilizer (50 and 100 kg/ha) in sub plot. Before performing experiment according to soil chemical analysis results, nitrogen according to experimental treatments was applied, in the form of urea, phosphate at a rate of 150 kg/ha was applied, in the form of triple super phosphate and potassium at a rate of 150 kg/ha was applied, in the form of potassium sulfate. Nitrogen fertilizer was incorporated to the soil in two stages ( 1 /2 before sowing and 1 /2 in stage of beginning flowering (90 days after planting)) and phosphate and potassium fertilizers were incorporated in soil before planting.
Plots were sown with a cone seeder and were 4 m long and 2 m wide, with 4 rows 0.5 m apart. In duration of growth season, practices of irrigation, weed controlling was done every week. Factors were measured in this experiment by determining the weight of stem, the number of flower in 5 plants, weight of fresh flower, weight of dry flower and essence content.
Samples were gathered from the middle rows of each plot and 10 plants selected randomly. Amount of effective substances of 200 g of fresh flower including the essence and extract of the plant in 3 phases of budding (beginning, middle and the end of the budding that respectively is equal to 90, 150 and 210 days after planting) collected and sent to laboratory. Samples were dried in an oven at 40ºC for 72 h. The essence of the samples was extracted using the method of vapor distilling with a 'Clevenger' and the extract obtained using 70% ethanol (Handa et al., 2008) .
The data were analyzed using SAS software; mean comparison was done using Duncan Multiple Comparison at 5% probability level.
RESULTS
Effect of sowing date, and also interaction effect of sowing date and amount of nitrogen fertilizer was significant on all factors measured. But effect of amount of nitrogen fertilizer was only significant on factor of essence content, and on other factors had no significant effect ( Table 2) .
The highest weight of stem and the lowest amount was obtained from sowing date 1 th and 15 th April, respectively (Table 3 ). The results of interaction effect of these two factors showed that the highest weight of stem was achieved from treatment of sowing date of 1 th April and application of 100 kg/ha nitrogen. There was significant different between this treatment with other treatments, that is, the lowest weight of stem obtained from treatment of 15 th April and application of 100 kg/ha nitrogen ( Table  4 ). The highest number of fresh flowers was obtained from sowing date 1 th April and the lowest amount *, ** Significantly different at the 5% and 1% levels of probability, respectively; n.s non significant. df = Degree of freedom. Mean followed by similar letters in each column, are not significantly different at the 5% level of probability. Mean followed by similar letters in each column, are not significantly different at the 5% level of probability.
achieved from sowing date 30 th April (Table 3) . Interaction effect of sowing date and nitrogen fertilizer showed that the highest number of fresh flowers obtained from sowing date of 1 th April and consumption of 50 kg/ha nitrogen. The lowest number of fresh flowers was achieved from treatment of 30 th April and application of 100 kg/ha nitrogen (Table 4) .
The highest amount of weight of fresh flowers obtained from sowing date of 1 th April (Table 3) . Interaction effect of nitrogen fertilizer and sowing date showed that sowing date of 1 th April along with consumption of 50 kg/ha nitrogen lead to the highest amount of weight of fresh flower. The lowest amount of weight of fresh flowers obtained from sowing ate of 30 th April and consumption of 100 kg/ha nitrogen (Table 3) .
In sowing date of 1 th April, the highest amount of weight of dry flowers was observed and the lowest amount of it was observed from sowing date of 30 th April (Table 3 ).
